Objective: We describe here 2 patients after stroke who showed activation of the contra-lesional somatosensory cortex without activation of the ipsi-lesional somatosensory cortex during proprioceptive input on the affected hand. Case description: one patient with intracerebral haemorrhage (a 52-year-old man), 1 patient with middle cerebral artery infarct (a 54-year-old man), and 8 control subjects were recruited. the subscale for kinaesthetic sensation (full mark: 24) of the Nottingham sensory assessment improved from 2 points (patient 1 and 2; onset) to 8 points (patient 1) and 12 points (patient 2) at 6 months after onset. Functional magnetic resonance imaging was conducted at 6 months after onset using a 1.5-t philips MR scanner. passive movements were performed at the metacarpophalangeal joint. Results: on functional magnetic resonance imaging the contra-lesional (left) primary somatosensory cortex and posterior parietal cortex were activated during passive movements of either hand, which was not observed in control subjects. Conclusion: the activation of only the contra-lesional somatosensory cortex during passive hand movements in these patients suggests the involvement of this area in somatosensory processing for passive movements after stroke. this area appeared to contribute to recovery of proprioceptive function of the affected hands after stroke.
INTRODUCTION
Somatosensory feedback is necessary for the execution of exact movements; therefore, somatosensory function is important for patients after stroke, because its dysfunction can lead to functional impairment (1) (2) (3) . In addition, the incidence of somatosensory dysfunction is high in patients after stroke, at up to 65% (4).
Because it can provide a basis for the establishment of scientific rehabilitation strategies, detailed information on the recovery mechanism of impaired function is necessary for stroke rehabilitation. Several mechanisms have been suggested for somatosensory recovery following stroke. These include recovery of damaged somatosensory pathways; peri-lesional reorganization; contribution of the unaffected somatosensory cortex, secondary somatosensory cortex, or thalamus (5-13). A few studies have reported on the contribution of the unaffected somatosensory cortex in patients after stroke (9, 10, 13); however, little is known about this recovery mechanism.
We describe here 2 patients after stroke who showed activation of the contra-lesional somatosensory cortex without activation of the ipsi-lesional somatosensory cortex during a proprioceptive input on the affected hand.
METHODS
Two patients and 8 right-handed control subjects (8 men, mean age 38 years, age range 27-52 years) with no history of neurological disease participated in this study. All subjects provided signed, informed consent prior to the commencement of the study, and our institutional review board approved the study protocol.
Patient 1 was a 52-year-old, right-handed man who underwent Cosman-Roberts-Wells (CRW)-guided stereotactic drainage of a spontaneous haematoma in the right frontoparietal lobe in the department of neurosurgery at a university hospital. T2-weighted magnetic resonance (MR) images, which were taken at 6 months after onset, showed an encephalomalactic lesion of the right corona radiata and basal ganglia (Fig. 1A) . Patient 2 was a 54-year-old, right-handed man who underwent conservative management for a right middle cerebral artery territory (MCA) infarct. T2-weighted MR (6 months after onset) revealed an encephalomalactic lesion in the left MCA territory. The motor weakness of the affected extremities in patient 1 and 2 was severe; therefore, these patients could walk on even ground with non-functional hands. The subscale for kinaesthetic sensation (full mark: 24) of the Nottingham Sensory Assessment (NSA) was used for determination of somatosensory function. The reliability and validity of the NSA are well-established (14). At 6 months after onset, the kinaesthetic sensation score improved from 2 points (patient 1 and 2; onset) to 8 points (patient 1) and 12 points (patient 2).
Functional magnetic resonance imaging
Blood oxygenation level-dependent (BOLD) functional magnetic resonance imaging (fMRI) measurement, which employs the Echo Planar Imaging (EPI) technique, was performed using a 1.5-T Philips Gyroscan Intera (Hoffman-LaRoche, Ltd, Best, the Netherlands) with a standard head coil. EPI BOLD images were acquired over the same 20 axial sections, producing a total of 1200 images for each subject. Imaging parameters consisted of repetition time/echo time ratio = 2 s/60 ms, field of view = 210 mm, matrix size = 64 × 64, and slice thickness = 5 mm. while in a supine position with eyes closed, and were firmly secured with the forearm pronated. For proprioceptive input, a specially equipped apparatus was used to limit flexion to more than 80° at the metacarpophalangeal joint. Passive movements (flexion-extension) were performed at the metacarpophalangeal joint using a block paradigm (20 s control, 20 s stimulation: 3 cycles) with a frequency of 1 Hz. fMRI was conducted at 6 months after onset.
Data processing
All functional images were realigned, co-registered, normalized, smoothed, and statistically analysed using SPM-2 software (Wellcome Department of Cognitive Neurology, London, Uk). Differences in brain activation between the 3 tasks were compared by random-effect group analysis. Results were thresholded at uncorrected p < 0.001, and were reported for clusters larger than 5 voxels. Regions of interest included cortical regions known for their contribution to somatosensory processing: the primary sensori-motor cortex, SM1 (Brodmann's area (BA) 4, 1, 2, 3) and posterior parietal cortex (PPC) (BA 5, 7, 39, 40) (5, 7, 8, 13).
RESULTS
The fMRI results for both patients showed activation of the contra-lesional (left) SM1 and PPC during passive movement of either hand (Fig. 1B) . By contrast, single subject analysis in control subjects revealed the contralateral SM1 activation during passive movement of all hands, with additional activation in the ipsilateral SM1 by 1 hand movement (7.3%). As for the PPC, the contralateral PPC was found to be activated during passive movement by 14 (87.5%) of 16 hands, and the bilateral PPC was observed during passive movement of 1 hand (7.3%).
DISCUSSION
We describe here 2 patients who showed activation of the contra-lesional somatosensory cortex by a proprioceptive input on the affected side. In terms of kinaesthetic sensation of the NSA at stroke onset, these patients showed a severe deficit, and then showed partial recovery over a period of 6 months. This indicates that some portion of the cortical area was responsible for proprioceptive recovery of the affected side. However, on fMRI, only the contra-lesional (left) somatosensory cortex (primary somatosensory cortex, posterior parietal cortex) was activated during a proprioceptive input on the affected (left) hand. However, there were no control subjects to demonstrate activation of only the ipsilateral somatosensory cortex without activation of the contralateral somatosensory cortex. Therefore, 
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in these patients, the activated contra-lesional somatosensory cortex appeared to be responsible for proprioceptive function of the affected hand. This area appeared to contribute to recovery of proprioceptive function of the affected hands. A few studies have demonstrated the contribution of the contra-lesional somatosensory cortex to somatosensory recovery after brain injury (9, 10, 13). Using positron emission tomography, Weder et al. (13) reported on 5 chronic patients with thalamic or basal ganglia infarct who showed activation of the bilateral sensorimotor cortex by performance of the somatosensory discrimination task with the affected hand (13). Subsequently, using magnetoelectrography, Rossini et al. (9, 10) demonstrated that the contra-lesional hemisphere, along with the ipsi-lesional hemisphere, contributed to somatosensory recovery in patients after stroke (9, 10). However, to the best of our knowledge, this is the first study to demonstrate the unique contribution of the contra-lesional somatosensory cortex.
In terms of motor function, the contribution of the contralesional cortex in recovery following stroke has been well demonstrated (15). In terms of motor recovery, poor motor function is a clinical characteristic of recovery by the contra-lesional cortex (15). Likewise, in the current study, patients showed poor somatosensory function, as much as below half that of normal adults (patient 1: 33%, patient 2: 50%). We think that this poor somatosensory function is associated with recovery mechanisms, such as motor recovery mechanisms; this result was compatible with the results of Weder's study (13).
In conclusion, we describe here 2 patients after stroke who showed activation of only the contra-lesional somatosensory cortex, resulting from a proprioceptive input on the affected hand. In terms of somatosensory recovery and rehabilitation of patients after stroke, this observation has important implications. However, because it is a case report, this study is limited. Another limitation of this study is the fact that we could not present fMRI data from the patient at an early stage. Further complementary studies involving larger case numbers and using follow-up fMRI study are warranted.
